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INTRODUCTION 

A9-tetradyrocannabinol  (THC),  the  chief  psychoactive  constituent  of  marijuana,  as  well  as  other 
naturally  occurring  and  synthetically  derived  cannabinoids  possess  potential  therapeutic  effects 
related  to  cancer  treatment,  including  reduction  in  nausea  and  vomiting  associated  with  cancer 
chemotherapy  (Kluin-Neleman  et  al.,  1979),  pain  relief  in  cancer  patients  (Noyes  et  al.,  1975), 
and  antineoplastic  activity  in  mice  (Munson  et  al.,  1975;  White  et  al.,  1976).  These  compounds 
are  known  to  bind  to  CB!  (Matsuda  et  al.,  1990)  and  CB2  (Munro  et  al.,  1993)  receptors. 
However,  there  is  little  enthusiasm  for  the  development  of  mixed  CBVCB2  receptor  agonists  for 
therapeutic  uses  because  of  their  marijuana-like  and  psychomimetic  effects.  An  alternative 
promising  approach  is  the  indirect  stimulation  of  cannabinoid  receptors  by  elevating  the 
endogenous  cannabinoids  A/-arachidonoyl  ethanolamine  (i.e.,  anandamide;  (Devane  et  al., 
1992))  and  2  arachidonyl  glycerol  (2-AG;  (Mechoulam  et  al.,  1995;  Sugiura  et  al.,  1995))  by 
inhibiting  their  respective  catabolic  enzymes  fatty  acid  amide  hydrolase  (FAAH;  (Cravatt  et  al., 
1996))  and  monoacylglycerol  lipase  (MAGL;  (Goparaju  et  al.,  1999)).  Accordingly,  one  original 
purpose  of  this  project  was  to  determine  whether  elevating  endogenous  anandamide  through 
blockade  of  FAAH  would  prevent  tumor  genesis  as  well  as  produce  antiproliferative  and 
decrease  tumor  invasiveness.  As  indicated  in  the  previous  report,  we  encountered  some 
difficulties  with  the  original  mouse  model  studies  in  terms  of  validating  that  the  tumors 
generated  using  using  7,12-dimethylbenz[a]anthracene  (DMBA)  were  unequivocally  breast 
derived.  Consequently,  in  the  current  studies,  we  are  working  to  develop  a  cell  culture  model  of 
transformation  to  determine  whether  FAAH  inhibitors  and  cannabinoid  receptor  agonists  (and 
antagonists)  will  reduce  (or  possibly  enhance)  transformation  as  an  indication  of  carcinogenesis. 
In  addition,  we  are  testing  the  influence  of  cannabinoid  agonists  and  antagonists  in  combination 
with  chemotherapy  in  both  cell  culture  and  animal  models  of  breast  cancer. 

This  is  a  collaborative  research  project  between  the  Gewirtz  and  Lichtman  laboratories. 

Although  all  of  the  work  is  closely  coordinated,  this  report  will  cover  primarily  the  studies  relating 
to  in  vitro  transformation  and  drug  combination  experiments  performed  in  breast  tumor  cell  lines 
in  culture. 

BODY 


Methods 

Cell  culture  conditions  -  MCF-7  and  MDA-MB-231  breast  tumor  cell  lines  are 
maintained  in  standard  growth  media  (RPMI  with  5%  fetal  bovine  serum,  5%  bovine  calf  serum, 
and  1%  pen/strep).  MCF-lOa  breast  epithelial  cells  are  grown  in  specialized  media: 

DMEM/F12,  5%  horse  serum,  1%  pen/strep,  lOug/ml  insulin,  lOOng/ml  cholera  toxin,  20ng/ml 
EGF,  and  500ng/ml  hydrocortisone. 

Transformation  assays  -  Cells  are  seeded  into  six  well  plates  at  low  density 
(approximately  10,000  cells  per  well)  and  allowed  to  grow  for  one  week,  during  which  drug  is 
administered  twice  for  24  hrs  each  treatment.  Treatment  one  is  administered  at  72  hours  and 
drug  is  removed  at  96  hours;  treatment  two  is  administered  at  120  hours  and  drug  is  removed  at 
144  hours.  Cells  are  then  passed  back  into  six  well  plates  for  a  second  week  of  treatment, 
identical  to  the  first.  At  the  end  of  the  two  courses  of  treatment,  the  cells  are  passed  into  culture 
flasks  and  allowed  to  grow  to  sufficient  numbers  for  analysis.  Transformation  assays  include 
measurement  of  anchorage  independent  growth,  invasiveness,  and  growth  rates  under  various 
conditions.  Analysis  begins  by  the  end  of  week  three  after  initiation  of  transformation. 
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Anchorage  independent  growth  (AIG)  -  The  bottoms  of  six  well  plates  are  coated  with 
1.5ml  of  12mg/ml  poly-hema  dissolved  in  95%  ethanol.  The  ethanol  in  the  plates  is  allowed  to 
evaporate  overnight,  while  under  UV  lights  for  sterilization,  leaving  a  clear  coating  on  the  bottom 
of  the  plate  that  prevents  cell  attachment.  On  day  one  of  the  experiment,  100,000  cells  are 
placed  in  each  well  with  their  normal  growth  media  and  allowed  to  grow  in  a  37°  incubator.  At 
days  1 , 8  and  15,  the  cells  are  counted  using  a  hemocytometer  to  establish  any  changes  in  the 
number  of  cells  within  the  well.  At  each  time  point,  the  cells  from  each  condition  of  the 
transformation  are  seeded  in  triplicate  and  the  average  of  the  three  wells  is  taken.  MDA-MB-231 
cells  are  used  as  a  positive  control. 

Boyden  chamber  invasion  assay  -  The  Boyden  chamber  inserts  are  placed  into  24 
well  plates,  allowed  to  soak  in  media  for  5  minutes,  and  then  coated  with  matrigel  diluted  1 :6 
using  media.  The  matrigel  is  allowed  to  set  for  at  least  20  minutes  but  must  be  used  within  2 
hours  to  start  the  assay.  Trypsinized  cell  samples  are  spun  down  and  resuspended  at 
1x106cells/ml  in  serum  free  media  for  all  conditions.  200pL  of  the  cell  suspension  is  then  placed 
on  top  of  the  matrigel  covered  insert  suspended  in  the  24  well  plate.  Serum  free  media  is  also 
placed  in  the  well  under  the  matrigel  insert.  The  cells  then  re-equilibrate  for  24  hours  in  a  37° 
incubator  before  analysis.  After  24  hours,  the  invasive  cells  should  have  moved  through  the 
matrigel  and  from  the  top  to  the  bottom  of  the  boyden  chamber  insert.  At  this  point,  the  insert  is 
washed  with  PBS  and  the  cells  are  fixed  with  glutaraldehyde.  The  fixed  cells  are  then  stained 
with  toluidine  blue  and  can  be  counted  under  a  microscope.  For  quantification,  multiple  pictures 
are  taken  of  the  stained  cells  in  various  fields  of  the  insert  to  determine  the  level  of  invasion. 
MDA-MB-231  cells  are  used  as  a  positive  control  and  MCF-7  cells  are  used  as  a  negative 
control. 


Crystal  violet  sensitivity  assay  -  Cells  grown  under  normal  culture  conditions  are 
trypsinized  and  counted.  Suspensions  are  diluted  with  media  to  concentrations  of  either 
1 .25x1 05  cells/ml  (4T 1 )  or  2.5x1 05  cells/ml  (MCF-7  and  MDA-MB-231 ).  Using  a  96  well  plate, 
200|il  of  the  cell  suspension  is  placed  into  each  well,  and  cells  are  allowed  to  equilibrate  for  24 
hours  prior  to  initiation  of  drug  treatment.  For  analysis,  the  media  is  removed  and  cell  are 
washed  with  PBS  prior  to  being  fixed  with  methanol.  Crystal  violet  dye  is  added  to  stain  the 
cells.  After  all  background  dye  is  washed  away  with  PB,  the  remaining  dye  in  the  cells  is 
solubilized  with  sodium  citrate  solution  in  ethanol.  Absorbance  values  are  measure  on  a 
microplate  reader  at  540nM. 

3D  acini  formation  assay  -  Assay  media  is  normal  growth  media  containing  2%  serum 
(10%  serum  is  used  for  routine  cell  growth)  and  the  inclusion  of  2%  matrigel.  Cells  are 
suspended  in  assay  media  at  1x10s  cells/ml.  Using  a  48  well  plate,  1 50pil  of  matrigel  is  placed  at 
the  bottom  of  each  well  and  allowed  to  polymerize  for  40  min.  500|jJ  of  the  cell  suspension  is 
then  placed  on  the  matrigel  and  allowed  to  incubate  at  37°  for  the  remainder  of  the  experiment. 
Media  is  replenished  every  4  days  for  up  to  16  days. 

Cell  transformation 

Rationale  MCF-lOa  cells  are  an  immortalized  breast  epithelial  cell  line  that  is  not  malignant 
and  that  has  routinely  been  utilized  for  an  in  vitro  model  of  transformation  induced  by  various 
chemical  compounds  including  carcinogens  and  hormones  (Liu  2004,  Siriwardhana  2008).  We 
previously  reported  that  high  doses  of  estrogen  alone  were  ineffective  in  promoting  cell 
transformation.  Treatment  with  other  carcinogens  alone  (Benzopyrene  and  N-nitroso-N- 
methylurea)  also  met  with  similar  lack  of  success.  We  speculated  that  combination  treatments 
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might  prove  more  effective.  More  specifically,  the  premise  to  be  tested  was  that  Benzo[a]Pyrene 
(B[a]P)  would  potentiate  the  effectiveness  of  estrogen  as  a  transforming  agent .  B[a]P,  when 
bound  to  the  aryl  hydrocarbon  receptor  (AHR),  will  up  regulate  the  cytochrome  p450  enzyme 


Figure  1  -  Growth  factor  independent  growth 
prescreening  -  In  addition  to  Benzo[  a]pyrene  , 
MCF-10A  cells  were  treated  with  estradiol  (InM 
and  15  nM).  The  capacity  to  grow  i  n  norm  al 
media  when  all  additional  growth  factors  were 
removed  wa  s  used  as  a  t  est  of  transf  ormation. 
Only  cells  treated  with  InM  Estradiol  and 
lOOpMBen  zopyrene  dem  onstrated  enhanced 
growth  (*p<0.05  compared  to  day  2) 


that  will  metabolically  activate  both  B[1]P  as 
well  as  Estrogen  (Kuriyama  2005,  Russo 
2002,  Uno  2006).  To  make  the  model  more 
relevant,  we  chose  doses  of  Estrogen  and 
B[a]P  that  were  physiologically  relevant  to 
females  and  smokers  respectively 
(Siriwardhana  2008).  Two  doses  of  Estradiol 
were  chosen,  specifically  InM,  which  relates  to 
the  higher  end  concentration  during  the  female 
estrous  cycle,  and  15nM,  which  was  found  in 
women  undergoing  fertility  treatment  (Krejza 
2001,  Yoldemir  2009  ). 

Experimental  Design 

Cells  were  continuously  exposed  to 
lOOpM  B[a]P  and  either  InM  Estradiol  or 
15nM  Estradiol.  Media  alone  and  media 
containing  drugs  was  replaced  daily  to 
maintain  levels  of  the  carcinogens.  Selective 
pressure  was  utilized  to  select  for  transformed 
cells,  specifically:  1 .  the  utilization  of  media 
lacking  growth  factors,  which  is  an 
antiproliferative  environment  for  normal  MCF- 
10a  cells,  and  2.  culture  dishes  coated  with 
polyhema  to  prevent  adherence  to  the  plate, 


A  *  B 


Figure  2  -  Time  course  of  Mcf-lOa  transformation  -  Mcf-lOa  cells  were  exposed  to  InM 
Estradiol  and  lOOpM  Benzo[a]pyrene  for  21,  28,  and  35  days  to  assess  if  shorter  or  longer 
treatments  could  induce  varying  degrees  of  transformation.  The  Anchorage  Independent 
Growth  Assay  (A)  and  the  Growth  Factor  Independent  Growth  Assay  (B)  showed  that  there 
were  no  differences  in  the  levels  of  transformation  with  time,  but  that  all  treated  cells  did 
show  transformed  phenotypes  when  compared  to  Mcf-lOa  untreated  controls  and  MDA- 
MB-23 1  positive  controls.  (*p<0.05  compared  to  initial  time  point) 
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which  is  a  cytotoxic  environment  for  normal  MCF-lOa  cells. 

The  cells  were  cycled  through  the  compound  treatment  for  21 , 28  and  35  days.  At  each  time 
point,  cell  populations  were  split  from  the  primary  culture  and  grown  up  separately.  This 
approach  was  utilized  to  determine  whether  a  longer  period  of  drug  exposure  would  modify  the 
transformation  process  or  the  transformed  cells.  Transformation  was  monitored  based  on  the 
Growth  Factor  Independent  Growth  Assay,  the  Anchorage  Independent  Growth  Assay,  the  3D 
Acini  Growth  Assay,  and  the  Boyden  Chamber  Invasion  Assay. 


Figure  3  -  3D  Acini  Growth  Assay  -Normal  MCF  -10a  cells  were  used  as  a  positive  control  for  the  form  ation  of 
Acini  structures.  MDA-MB-231  showe  d  malignant  characteristics  and  formed  large  cancerous  growths  by  the  end  of 
the  experim  ent.  Cells  tak  en  fro  m  all  treatment  time  point  s  (days  21,  28,  and  35)  dem  onstrated  a  phenot  ype  that 
appeared  to  mimic  that  of  the  MDA-MD-23 1  cells  suggesting  transformation. 


Results 

The  Growth  Factor  Independent  Growth  Assay  was  used  as  a  preliminary  screen  of 
transformation  (Fig  1).  Untreated  MCF-lOa  cells  were  unable  to  grow,  which  can  be  seen  by  the 
essentially  constant  cell  number  throughout  the  experiment  (  with  some  degree  of  cell  death 
over  time).  Cells  treated  with  InM  Estradiol  and  lOOpM  B[a]P  showed  a  steady  and  significant 
level  of  growth,  consistent  with  the  possibility  of  transformation.  Unexpectedly,  cells  treated  with 
the  higher  dose  of  estradiol  did  not  show  evidence  of  transformation  in  terms  of  capacity  to  grow 
in  the  depleted  medium  conditions,  suggesting  that  supra-physiological  levels  of  estradiol  may 
be  self  limiting  in  the  transformation  process. 

The  growth  factor  independent  growth  assay  and  the  anchorage  independent  growth 
assay  were  further  utilized  to  assess  the  stability  of  the  transformation  process  in  cells  treated 
with  InM  Estradiol  and  lOOpM  B[A]P.  MCF-lOa  cells  were  again  used  as  the  negative 
experimental  control  and  the  aggressive  breast  cancer  cell  line,  MDA-MB-231,  was  used  as  a 
positive  control  for  transformation.  As  before  the  untreated  MCF-lOa  cells  showed  no  capacity 
for  growth  under  these  conditions  (Figures  2A  and  2B).  The  MDA-MB-231  cells  grew  effectively 
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as  positive  controls.  The  data  for  both  assays  appear  to  indicate  that  the  21  day  exposure  was 
sufficient  for  transformation. 
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Additional  studies  were 
performed  utilizing  the  3D  Acini 
Growth  Assay  and  the  Boyden 
Chamber  Invasion  Assay.  Normal 
MCF-lOa  cells  will  form  small  Acini 
like  structures  similar  to  milk  forming 
Acini  found  in  mammary  tissue 
(Debnath  2003).  MDA-MB-231  cells 
were  again  used  as  a  positive  control 
and  the  untreated  MCF-lOa  cells  as  a 
negative  control.  Figure  3  indicates 
that  on  day  2,  the  MCF-lOa  cells  are 
separate  and  isolated  and  by  day  15 
they  have  slowly  begun  to  form  small 
Acini  like  structures  within  the  culture. 
MDA-MB-231  cells  show  activity  by 
day  2  where  the  cells  are  either 
collecting  or  already  beginning  to 
spread,  which  can  be  seen  by  the 
branch  formations.  By  day  15,  the 
MDA-MB231  cells  have  formed  large 
malignant  masses  and  completely 
taken  over  the  dish.  Although  this 
assay  is  difficult  to  quantify  in  terms 
of  the  level  of  transformation,  when 
compared  to  the  two  controls  it  is 
clearly  evident  that  transformation 
has  occurred.  Comparing  days  21, 
28,  and  35  to  the  control  provided  additional  evidence  that  the  cells  have  developed  a 
transformed  phenotype. 

Invasiveness  of  all  treated  cells  was  tested  using  the  Boyden  Chamber  Invasion  Assay 
(Fig  4).  The  untreated  MCF-lOa  cells  had  a  modest  level  of  invasion,  which  is  typical  for  this 
assay.  MCF-7  cells  have  no  invasive  capacity  and  MDA-MB-231  cells  are  highly  invasive,  and 
therefore  were  used  as  negative  and  positive  controls,  respectively.  Unexpectedly,  calculation  of 
the  invasive  index  for  the  carcinogen  treated  cells  was  lower  than  that  of  the  parental  untreated 
MCF-lOa  cells.  These  studies  suggest  that  the  Boyden  Chamber  assay  may  not  be  appropriate 
for  assessment  of  transformation  in  this  experimental  model  systems. 


Figure  4  -  Boyden  Chamber  Invasion  Assay  -  MDA- 
MB-23 1  cells  were  used  as  a  positive  control  and  MCF-7 
cells  as  a  n  egative  control.  MCF-lOa  cells  ty  pically  have  a 
modest  capacity  for  invasion.  Transformed  cell  s  taken  for 
all  three  time  points  (2  1 ,  28  an  d  3  5  da  ys)  all  showed 

reduced  inva  sive  indexes  com  pared  to  untreated  controls 
(*p<0.05  compared  to  Mcf-lOa  cells) 


Experiments  are  currently  in  progress  to  examine  the  influence  of  select  cannabinoid  agonists 
and  antagonists  on  transformation.  In  addition,  these  studies  are  being  repeated  utilizing 
another  model  of  transformation,  MCF-10F  cells  (Russo  2006). 

Influence  of  cannabinoid  agonists  and  antagonists  on  response  to  chemotherapeutic 
drugs  in  cellular  models  of  breast  cancer 

Marinol  is  an  as  orally  administered  form  of  THC  and  currently  the  only  cannabinoid 
approved  for  use  with  chemotherapy.  Marinol  is  used  primarily  as  an  anti-emetic,  but  there  is  no 
information  as  to  whether  cannabinoids  may  modulate  the  response  to  cancer 


chemotherapeutic  drugs  in  the  clinic.  Although  reports  that  cannabinoids  have  anti-proliferative 
effects  in  cancer  suggest  that  the  administration  of  cannabinoids  is  unlikely  to  compromise  the 
effectiveness  of  chemotherapy  (Guzman  2003),  this  has  not  been  tested  directly.  To  explore  this 
possibility,  we  utilized  three  breast  cancer  cell  lines,  MCF-7  (human,  estrogen  receptor  positive, 
and  p53  wild  type),  MDA-MB-231  (human,  estrogen  receptor  negative,  and  p53  mutant)  and 
4T1  (mouse,  estrogen  receptor  negative,  and  p53  null).  Cells  were  treated  with  THC  in 
combination  with  doxorubicin  (ADR),  a  drug  commonly  utilized  in  the  treatment  of  breast  cancer. 


A  MCF-7  Cells 


B  MDA  Cells 


4T1  Cells 


ADR(nM)  ADR(nM)  ADR  (nM) 


Figure  5  -  THC  augments  the  antiproliferative  actions  of  doxorubicin  (Adriamycin  or  ADR)  in  breast  tumor  cells 

-  Combinations  of  THC  a  nd  ADR  produce  cell  lin  e  specific  antiproliferative  responses.  MCF-7  cells  (A)  showed  no 
significant  changes  when  treatments  were  given  in  combination  even  though  these  cells  were  the  most  sensitive  to  THC. 
The  MDA-MB-231  cells  (B)  and  4T1  cells  (C)  not  only  showed  significant  enhancement  of  the  antiproliferative  effect  in 
the  co  mbination,  but  the  y  also  did  so  with  doses  of  TH  C  that  p  roduced  no  s  ignificant  effects  alone.  (  *  p<0.01  vs. 
Control  1 


In  MCF-7  cells,  the  inclusion  of  THC  failed  to  produce  any  significant  effects  on 
sensitivity  to  doxorubicin  (Figure  5A).  While  THC  failed  to  increase  the  effectiveness  of 
doxorubicin,  the  fact  that  it  did  not  interfere  with  drug  action  is  encouraging.  In  contrast,  THC 
appeared  to  enhance  sensitivity  to  doxorubicin  in  the  MDA-MB231  cells  (Figure  5B).  The  fact 
that  enhancements  occurred  at  doses  of  THC  that  were  ineffective  alone  is  indicative  of  a 
positive  synergistic  interaction;  statistical  analysis  confirmed  this  (report  presented  in  section  1 
of  statistical  analysis).  Enhancement  of  drug  sensitivity  as  well  as  a  possible  synergistic 
interaction  was  also  evident  in  the  experiments  utilizing  the  4T1  cells  (Figure  5C). 

The  above  findings  (lack  of  interaction  in  p53  wild  type  MCF-7  cells  and  apparent 
synergism  in  p53  mutant  MDA-MB231  and  p53  null  4T1  cells)  suggest  that  the  absence  of 
functional  p53  is  permissive  for  drug  interaction.  Utilizing  4t1  cells  stably  transfected  with  a 
ponasterone  A  induced  expression  vector  with  either  wild  type  of  mutant  p53,  additional 
experiments  were  designed  to  further  evaluate  the  involvement  of  p53  in  drug  interaction. 

In  p53  null  naive  4T1  cells,  a  THC  concentration  of  15uM  was  alone  ineffective; 
however,  this  concentration  of  THC  was  able  to  significantly  enhance  the  antiproliferative  effects 
of  ADR  (Figure  6A).  In  the  4T1  cells  transfected  with  wild  type  p53  the  15uM  dose  of  THC 
remained  ineffective,  but  also  produced  a  statistically  significant  enhancement  of  sensitivity  to 
ADR  (Figure  6B);  however,  this  effect  was  marginal  compared  to  that  in  the  p53  null  wild  type 
4T1  cells.  In  the  4T1  cells  transfected  with  mutant  p53,  the  15uM  dose  of  THC  was  also 
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ineffective  alone,  but  produced  a  relativey  robust  enhancement  of  sensitivity  to  ADR  (Figure  6C. 
Proof  of  the  effectiveness  of  the  transfections  is  presented  in  the  western  blots  in  Fig  6D.  Taken 
together  these  data  suggest  that  the  absence  of  p53  function  has  a  significant  contribution  to 
the  interaction  between  THC  and  ADR.  Studies  are  currently  planned  in  MCF-7  cells  where  p53 
function  has  been  suppressed  by  the  viral  E6  protein.  We  also  plan  to  evaluate  the  mode(s)  of 
cell  death  that  occur  in  response  to  the  combination  treatments  as  well  as  the  combination  of 
THC  with  drugs  such  as  paclitaxel  and  cisplatin. 


Vehicle  200  nM  ADR  Vehicle  200  nM  ADR  Vehicle  200  nM  ADR 

Figure  6  -  The  interaction  between  THC  and  ADR  is  at  least  partially  p53-dependent  -  4T1  parent  cells  are 
p53  null  (A).  4T1  cells  were  stably  transfected  with  either  wild  type  p53  (B)  or  mutant  p53  (C)  in  a  Ponasterone 
A  induced  expression  vector.  Cells  were  treated  with  15uM  THC,  alone  which  produced  no  significant  response. 
When  this  treatment  was  combined  with  200nM  Adriamycin  (ADR),  there  was  a  significant  enhancement  of  the 
antiproliferative  effect  in  all  the  varian  ts  of  the  4T  1  cell  line.  W  estem  blotting  (D)  confirms  success  o  f  th  e 
transfection.  (  *p<0.01  vs.  ADR  alone) 


Additional  studies  were  performed  using  another  cannabinoid,  cannabidiol,  since 
Sativex,  a  1:1  mixture  of  THC  and  Cannabindiol  (CBD),  is  used  in  Canada  for  treatment  of 
spasticity  and  neuropathic  pain  associated  with  multiple  sclerosis,  as  well  as,  chronic  cancer 
pain.  As  in  the  studies  above,  the  three  breast  cancer  cell  lines  (MCF-7,  MDA-MB-231,  and 
4T1)  were  treated  with  cannabidiol  +  doxorubicin  and  the  Crystal  Violet  Assay  was  used  to 
assess  drug  interaction. 

Our  initial  observation  was  that  CBD  appeared  to  be  more  potent  than  THC  but  still 
required  high  doses,  up  to  40uM,  to  produce  antiproliferative  effects  alone.  Unexpectedly,  CBD 
was  able  to  significantly  increase  the  effects  of  ADR  suggesting  a  positive  interaction  (Figure 
7A),  although  further  statistical  analysis  indicated  that  the  interaction  was  additive  in  nature,  but 
not  synergistic.  However,  these  findings  remain  encouraging  as  CBD  is  more  potent  than  THC 
and  has  no  psychoactive  side  effects.  The  combination  treatment  was  also  additive  (but  not 
synergistic)  in  MDA-MB-231  cells  (Figure  7B).  Interestingly,  the  enhancement  of  sensitivity  to 
doxorubicin  appeared  to  be  synergistic  in  the  4T1  cell  model  (  Figure  7C).  The  report  for  these 
interactions  is  in  section  2  of  the  statistical  analysis  below. 

One  element  of  these  studies  that  raised  concerns  is  that  relatively  high  concentration  of 
cannabinoids  were  required  to  enhance  sensitivity  to  doxorubicin.  These  concentrations  would 
be  difficult  to  achieve  in  the  circulation;  furthermore,  at  these  elevated  concentrations,  it  is  likely 
that  we  are  observing  off-target  effects  that  are  unrelated  to  endocannabinoid  receptor 
signaling.  This  could  result  in  unanticipated  modes  of  toxicity  to  the  patient. 
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Figure  7  -  CBD  augments  the  antiproliferative  actions  of  ADR  -  CBD  and  ADR  given  in  combination  resulted  in 
significant  increases  in  the  antiprolifera  five  effects  occuring  at  doses  of  CBD  that  produced  no  effects  alone  in  the 
MDA-MB-231  cells  (B)  and  4T1  cells  (C).  In  MCF-7  cells  (A)  CBD  had  significant  effects  alone  and  the 
combination  of  CBD  and  ADR  was  able  to  produce  significant  increases  in  growth  inhibition  at  all  doses.  (  *p<0.01 
vs.  Control ) 

To  address  this  concern,  we  compared  the  dose  response  curves  of  the  full  cannabinoid 
agonist  Win55,212-2  (Win2)  and  its  inactive  enantiomer  Win55,212-3  (Win3)  (Fig  8).  In  all  three 
cell  lines,  we  found  that  Win2  showed  a  significantly  higher  level  of  both  potency  and  efficacy. 
These  observations  suggest  that  drug  effects  are  occurring  via  a  very  selective  molecular  target 
at  concentrations  that  would  be  pharmacologically  relevant.  This  conclusion  is  supported  by  the 
observation  that  the  Win3  enantiomer  was  relatively  ineffective  in  these  experimental  models. 

Given  the  known  selectivity  of  Win2  and  the  increased  potency  shown  in  Figure  8,  the 
impact  of  WIN2  on  sensitivity  to  doxorubicin  was  examined,  as  above.  Effects  of  the 
combination  treatment  were  generally  similar  to  those  observed  with  both  THC  and  CBD.  In  the 
MCF-7  cells,  there  was  a  positive  interaction  between  the  two  drugs,  ruling  out  antagonistic 
effects;  however,  statistical  analysis  failed  to  provide  evidence  of  synergism,  but  only  of 
additivity  (Figure  9  A).  In  both  the  MDA-MB-231  cells  and  the  4T1  cells,  the  Win-ADR 
combination  was  found  to  be  synergistic  (Figures  9B  and  9C).  Detailed  statistical  analyses  are 
presented  below. 


MCF-7  Cells  B  MDA  Cells  C  4T1  Cells 
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A  MCF-7  Ceils  B  MDA  Cells  C  4T1  Cells 


Figure  9  -  Win55, 212-2  augements  ADR’s  antiproliferative  effect  similiarly  to  phytocannabinoid  treatments  - 

Win2  was  administered  in  combination  with  ADR  to  MCF-7  cells  (A),  MDA-MB-231  cells  (B),  and  4T1  cells  (C).  In 
all  three  cell  lines  the  conditions  of  ADR  and  Win2  were  ab  le  to  produce  greater  antipro  liferative  effects  than  ADR 
alone.  (  *p<0.01  vs.  Control ) 


Statistical  Analysis  of  Drug  Combinations 

Section  1  -  THC  and  ADR  combination 
Purpose: 

The  purpose  of  these  analyses  was  to  determine  if  there  is  a  significant  interaction  (i.e., 
synergy)  in  combination  treatment  of  THC  and  ADR  for  breast  cancer. 

Experimental  data: 

In  vitro  data  was  collected  at  varying  drug  dose  combinations  of  THC  (0,  20,  40,  80  pM) 
and  ADR  (0,100,200,400  nM).  Each  of  the  17  possible  combinations  was  replicated  4  times. 

The  measured  outcome  was  absorbance. 

Outcome  variable: 

The  outcome  of  interest  was  percent  inhibition  of  growth  in  specific  cancer  cell  lines. 

This  was  calculated  by  dividing  the  absorbance  for  each  dose  level  by  the  mean  of  the  control 
group  (0  pM  THC  and  0  nM  ADR). 

Preliminary  analyses  including  graphical  depiction  of  summary  statistics  indicated  the 
variance  of  the  response  percent  inhibition  (denoted  Y)  decreased  as  Y  increased.  Thus,  in 
subsequent  analyses,  we  assume  Var(Y)  =  Z,  /p  and  use  quasi-likelihood  methods  to  estimate 
model  parameters.  All  analyses  were  performed  using  iterative  algorithms  (e.g.,  Gauss- 
Newton)  provided  in  PROC  NUN  with  LOSS  and  WEIGHT  statements  in  SAS  (version  9.2). 
Model: 

A  non-linear  exponential  model  as  defined  below  was  used  to  model  percent  inhibition  of 

growth. 

jU  ■  y 9  Ci  “  * -4  PR  ■+■  ft  *  TtiC -b  fiiz  *  ADR*  THC}} 

Where  p  represents  the  estimated  %  inhibition  for  the  specified  dose  levels  and  THC,  ADR 
represent  the  dosage  levels  in  pM  and  nM,  respectively.  The  hypothesis  of  interest  is: 

ftgi "Dw 

■  &  2  “0 
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Large  sample  Wald-type  chi-square  tests  were  used  to  test  for  the  significance  of  the  interaction 
parameter.  When  the  linear  terms  (i.e.,  Pi  and  p2)  are  positive  and  p  12  is  positive  and 
significant,  a  synergy  is  claimed  following  the  work  of  Carter  et  al  (1988);  if  p  12  is  negative  and 
significant,  an  antagonism  is  claimed;  if  p  12  is  not  significant  departure  from  additivity  cannot  be 
claimed. 


Results: 

Separate  analyses  were  conducted  on  each  cell  line.  The  goodness  of  the  fit  of  the  data 
by  the  nonlinear  exponential  model  was  assessed  graphically  by  plotting  predicted  and  actual 
percent  inhibition  together.  These  plots  can  be  found  in  the  figure  1  below.  There  was  no 
evidence  of  lack  of  fit.  These  results  were  confirmed  by  chi-sq  goodness  of  fit  tests,  none  of 
which  yielded  significant  p-values  (i.e.  did  not  indicate  lack  of  fit). 


Figure  1:  Assessing  Goodness  of  Fit 
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1c:  MDA  Cell  line 
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In  all  three  cell  lines,  both  single  drug  slope  parameters  were  positive  and  significant  (p<0.05), 
indicating  as  the  drug  increases  there  is  a  significant  increase  in  the  percent  inhibition  of  cell 
growth.  For  the  4T1  and  MDA  cell  lines,  there  was  a  significant  positive  interaction  effect 
between  ADR  and  THC  dosage.  In  the  MCF-7  cell  line,  the  estimate  for  the  interaction  effect 
was  negligible  and  not  statistically  significant.  Therefore,  there  was  no  evidence  of  interaction. 
Model  parameter  estimates  for  each  cell  line  can  be  found  in  Table  1 . 
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Table  1:  Parameter  estimates  for  4T1  Cell  line 


Parameter  Estimate 

Approx. 

SE 

95%  Confidence 
Limits 

4T1  Cell  line 

Y 

97.6832 

1.7171 

94.2430 

101.1000 

A 

0.0071 

0.0007 

0.0057 

0.0086 

ft 

0.0072 

0.0012 

0.0047 

0.0096 

As 

0.0003 

0.0001 

0.0002 

0.0005 

MCF  7  Cell  line 

Y 

92.2900 

2.0331 

88.2170 

96.3627 

A 

0.0090 

0.0008 

0.0074 

0.0106 

ft 

0.0143 

0.0012 

0.0118 

0.0168 

As 

-2.0E-05 

2.4E-05 

6.0E-05 

3.  IE-05 

MDA  Cell  Line 

Y 

94.0211 

1.3412 

91.3340 

96.7079 

A 

0.0075 

0.0006 

0.0064 

0.0086 

ft 

0.0006 

0.0016 

-0.0030 

0.0039 

As 

0.0002 

3.4E-05 

0.0001 

0.0003 

For  the  4T 1  and  MDA  cell  lines,  the  parameter  estimate  for  .ft*  is  associated  with  an  increase  in 

percent  inhibition  of  growth  that  is  in  addition  to  the  additive  effects  of  THC  and  ADR.  For 
example,  by  combining  a  lOOnM  dose  of  ADR  to  a  20  pM  dose  of  THC  would  result  in  an 
estimated  percent  inhibition  (in  the  MDA  cell  line)  of  over  64%  while  the  lOOnM  dosage  of  ADR 
would  be  estimated  at  just  under  50%  and  the  20pM  of  THC  only  1%.  The  positive  (synergistic) 
interaction  effect  is  apparent  since  64%  is  larger  than  the  sum  of  the  two  effects  (51%).  For  the 
4T 1  cell  line,  the  estimated  percent  inhibition  for  the  combination  is  77%  vs.  50%  for  ADR  alone 
and  13%  for  THC  alone.  Again,  the  combination  effect  is  greater  than  the  expected  additive 
effect,  therefore  there  is  a  synergistic  interaction. 

Section  2  -  CBD  and  ADR  combination 

Purpose: 

The  purpose  of  these  analyses  was  to  determine  if  there  is  a  significant  interaction  (i.e., 
synergy)  in  combination  treatment  of  CBD  and  ADR  for  breast  cancer. 

Experimental  data: 

In  vitro  data  was  collected  at  varying  drug  dose  combinations  of  CBD  (0,  10,  20,  40  pM) 
and  ADR  (0,100,200,400  nM).  Each  of  the  17  possible  combinations  was  replicated  4  times. 

The  measured  outcome  was  absorbance. 

Outcome  variable: 

The  outcome  of  interest  was  percent  inhibition  of  growth  in  specific  cancer  cell  lines. 

This  was  calculated  by  dividing  the  absorbance  for  each  dose  level  by  the  mean  of  the  control 
group  (0  pM  CBD  and  0  nM  ADR). 

Preliminary  analyses  including  graphical  depiction  of  summary  statistics  indicated  the 
variance  of  the  response  percent  inhibition  (denoted  Y)  decreased  as  Y  increased.  Thus,  in 
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subsequent  analyses,  we  assume  Var(Y)  =  £  / |j  and  use  quasi-likelihood  methods  to  estimate 
model  parameters.  All  analyses  were  performed  using  iterative  algorithms  (e.g.,  Gauss- 
Newton)  provided  in  PROC  NUN  with  LOSS  and  WEIGHT  statements  in  SAS  (version  9.2). 

Model: 

A  non-linear  exponential  model  as  defined  below  was  used  to  model  percent  inhibition  of 

growth. 

j.i  ■  y*  C'l  -  aspC-Cft  n<  CS  D  +  ft  *  ADR  ■+■  f  CSV  if  ADR')') 

Where  p  represents  the  estimated  %  inhibition  for  the  specified  dose  levels  and  THC,  ADR 
represent  the  dosage  levels  in  pM  and  nM,  respectively.  The  hypothesis  of  interest  is: 

He-i  ■  0  *kj 

Large  sample  Wald-type  chi-square  tests  were  used  to  test  for  the  significance  of  the  interaction 
parameter.  When  the  linear  terms  (i.e.,  p  i  and  p2)  are  positive  and  p  12  is  positive  and 
significant,  a  synergy  is  claimed  following  the  work  of  Carter  et  al  (1988);  if  p  12  is  negative  and 
significant,  an  antagonism  is  claimed;  if  p  12  is  not  significant  departure  from  additivity  cannot  be 
claimed. 

Results: 

Separate  analyses  were  conducted  on  each  cell  line.  The  goodness  of  the  fit  of  the  data 
by  the  nonlinear  exponential  model  was  assessed  graphically  by  plotting  predicted  and  actual 
percent  inhibition  together.  These  plots  can  be  found  in  the  figure  1  below.  There  was  no 
evidence  of  lack  of  fit.  These  results  were  confirmed  by  chi-sq  goodness  of  fit  tests,  none  of 
which  yielded  significant  p-values  (i.e.  did  not  indicate  lack  of  fit). 


Figure  1:  Assessing  Goodness  of  Fit 
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In  all  three  cell  lines,  both  single  drug  slope  parameters  were  positive  and  significant  (p<0.05), 
indicating  as  the  drug  increases  there  is  a  significant  increase  in  the  percent  inhibition  of  cell 
growth.  For  the  4T1  cell  line,  there  was  a  significant  positive  interaction  effect  between  ADR  and 
CBD  dosage.  In  the  MCF-7  and  MDA  cell  lines,  the  estimate  for  the  interaction  effect  was 
negligible  and  not  statistically  significant.  Therefore,  there  was  no  evidence  of  interaction  in  the 
MCF-  7  and  MDA  cell  lines.  Model  parameter  estimates  for  each  cell  line  can  be  found  in  Table 
1. 


Table  1:  Parameter  estimates  for  4T1  Cell  line 


Parameter  Estimate  Approx.  95%  Confidence 

_ SE _ Limits 

4T1  Cell  line 


y 

98.737 

1.467 

95.798 

101.700 

0.020 

0.002 

0.016 

0.025 

ft 

0.008 

0.001 

0.007 

0.010 

h: 

0.001 

2.6E-04 

3.9E-04 

0.001 

MCF  7  Cell  line 
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y 

fh 

ft 

hi 

88.456 

0.007 

0.034 

1.4E-04 

1.896 

0.001 

0.003 

7.7E-05 

84.658 

0.005 

0.028 

-1.0E-05 

92.253 

0.008 

0.041 

3.0E-04 

MDA  Cell  Line 

Hy 

85.192 

3.451 

78.280 

92.104 

ft 

0.006 

0.001 

0.004 

0.008 

ft 

hi 

0.008 

0.003 

0.002 

0.015 

1.2E-04 

6.1E-05 

-5.6E-06 

2.4E-04 

For  the  4T1  cell  line,  the  parameter  estimate  for  /J1=  is  associated  with  an  increase  in  percent 

inhibition  of  growth  that  is  in  addition  to  the  additive  effects  of  CBD  and  ADR.  For  example,  by 
combining  lOpM  of  CBD  and  lOOnM  of  ADR,  the  estimated  percent  inhibition  for  the 
combination  is  84%  vs.  56%  for  ADR  alone  and  18%  for  CBD  alone.  Since  the  combination 
effect  is  greater  than  the  expected  additive  effect,  there  is  a  synergistic  effect. 

Section  3  -  Win55  and  ADR  combination 

Purpose: 

The  purpose  of  these  analyses  was  to  determine  if  there  is  a  significant  interaction  (i.e., 
synergy)  in  combination  treatment  of  WIN  and  ADR  for  breast  cancer. 


Experimental  data: 

In  vitro  data  was  collected  at  varying  drug  dose  combinations  of  WIN  (0,  3.75,7.5,15  pM) 
and  ADR  (0,50,100,200  nM).  Each  of  the  17  possible  combinations  was  replicated  4  times.  The 
measured  outcome  was  absorbance. 

Outcome  variable: 

The  outcome  of  interest  was  percent  inhibition  of  growth  in  specific  cancer  cell  lines. 

This  was  calculated  by  dividing  the  absorbance  for  each  dose  level  by  the  mean  of  the  control 
group  (0  pM  WIN  and  0  nM  ADR). 

Preliminary  analyses  including  graphical  depiction  of  summary  statistics  indicated  the 
variance  of  the  response  percent  inhibition  (denoted  Y)  decreased  as  Y  increased.  Thus,  in 
subsequent  analyses,  we  assume  Var(Y)  =  £  /p  and  use  quasi-likelihood  methods  to  estimate 
model  parameters.  All  analyses  were  performed  using  iterative  algorithms  (e.g.,  Gauss- 
Newton)  provided  in  PROC  NUN  with  LOSS  and  WEIGHT  statements  in  SAS  (version  9.2). 
Model: 

A  non-linear  exponential  model  as  defined  below  was  used  to  model  percent  inhibition  of 

growth. 

H  ■  fir  (1  -  tKjK-tft  *  WfN  #  AUft+Pu  if  WIN  *  ADR}} 

Where  p  represents  the  estimated  %  inhibition  for  the  specified  dose  levels  and  WIN,  ADR 
represent  the  dosage  levels  in  pM  and  nM,  respectively.  The  hypothesis  of  interest  is: 

We  i  fSjs  ■  0 

jf  2  ■  ^  "  0- 

Large  sample  Wald-type  chi-square  tests  were  used  to  test  for  the  significance  of  the  interaction 
parameter.  When  the  linear  terms  (i.e.,  p  i  and  p2)  are  positive  and  p  12  is  positive  and 
significant,  a  synergy  is  claimed  following  the  work  of  Carter  et  al  (1988);  if  p  12  is  negative  and 
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significant,  an  antagonism  is  claimed;  if  p  12  is  not  significant  departure  from  additivity  cannot  be 
claimed. 

Results:  4T1  Cell  line 

In  the  4T1  cell  line,  the  initial  nonlinear  exponential  model  including  the  interaction  effect 
did  not  seem  to  accurately  represent  the  data.  The  interaction  effect  was  insignificant  and  there 
was  instability  in  the  estimate  for  the  effect  of  WIN.  The  parameter  estimates  for  this  model  can 
be  seen  in  Table  1  below.  A  subsequent  model  was  fit  to  assess  the  additivity  of  WIN  and  ADR. 
This  model  showed  improved  stability  and  a  more  sufficient  fit  to  the  data.  The  goodness  of  fit 
was  assessed  graphically  (and  confirmed  numerically  by  a  chi-sq  test)  by  plotting  the  predicted 
percent  inhibition  of  growth  with  the  observed  data.  This  can  be  seen  in  Figure  1.  This  model 
indicated  there  was  not  evidence  of  an  effect  attributed  to  WIN.  The  parameter  estimates  can 
be  seen  in  Table  1. 


Table  1:  Parameter  Estimates  for  4T1  Cell  Line 


Parameter 

Estimate 

Approx.  SE 

95%  Confidence  Limits 

Interaction  Model 

V 

93.735 

1.875 

89.956 

97.515 

A 

0.005 

0.001 

0.004 

0.006 

Ft 

-1.102 

1.778 

-4.685 

2.481 

At 

0.023 

0.036 

-0.049 

0.095 

Additive  Model 

V 

91.628 

6.374 

78.865 

104.400 

A 

0.015 

0.004 

0.008 

0.022 

ft 

0.012 

0.012 

-0.012 

0.037 

Figure  1:  Assessing  Goodness  of  Fit  in  4T1  Cell  Line 

la:  Interaction  Model 


100 

ADR 


Plot  for  WIN=7.5 


Plot  for  WIN=15 


1b:  Additive  Model 
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Plot  for  WIN=0  Plot  for  WIN=3.75 


Plot  for  WIN=7.5 


Plotfor  WIN=15 


Y  O  Predicted  Percent  Inhibition  +  Percent  Inhibition 


Results:  MCF-7  Cell  Line 

In  the  MCF-7  cell  line,  there  was  not  evidence  of  an  interaction  effect.  In  the  reduced 
model,  both  single  drug  slope  parameters  were  positive  and  significant  (p<0.05),  indicating  as 
the  drug  increases  there  is  a  significant  increase  in  the  percent  inhibition  of  cell  growth.  The 
goodness  of  fit  was  assessed  graphically  and  can  be  seen  in  Figure  2.  Parameter  estimates  for 
both  models  can  be  seen  in  Table  2.  In  contrast  to  the  4T1  cell  line  in  which  there  was  not 
evidence  of  an  effect  for  WIN,  there  was  a  very  strong,  positive  effect  in  the  MCF-7  cell  line. 

Table  2:  Parameter  Estimates  for  MCF-7  Cell  Line 


Parameter  Estimate 

Approx. 

SE 

95%  Confidence 
Limits 

Interaction  Model 

y 

96.419 

2.631 

91.148 

101.700 

ft 

0.006 

0.001 

0.005 

0.007 

ft 

0.215 

0.022 

0.172 

0.259 

ft: 

-1.1E-04 

2.9E-04 

-6.9E-04 

4.7E-04 

Additive  Model 

y 

95.901 

2.164 

91.567 

100.200 

ft 

0.006 

0.001 

0.005 

0.007 

ft 

0.215 

0.021 

0.173 

0.258 

Figure  2:  Assessing  Goodness  of  Fit  in  MCF_7  Cell  Line 

2a:  Interaction  Model 


Plot  for  WIN=0 


Plot  for  WIN=3.75 


Plot  for  WIN=7.5 


2b:  Additive  Model 
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Results:  MDA-MB231  Cell  Line 

In  the  MDA-MB231  cell  line,  there  was  evidence  of  a  significant  interaction.  The  estimate 
was  positive,  therefore  indicating  a  synergistic  interaction  implying  that  the  combination  of  the 
drug  inhibits  tumor  growth  more  than  would  be  expected  under  additivity.  Parameter  estimates 
are  given  in  Table  3.  Goodness  of  fit  of  the  model  was  assessed  graphically  (and  confirmed 
numerically  by  a  chi-sq  test)  by  plotting  predicted  with  actual  observed  values  (see  Figure  3). 
The  interaction  is  shown  graphically  in  figure  3. 

Table  3:  Parameter  Estimates  for  MDA-MB231  Cell  Line 


Parameter 


Estimate  Approx.  SE  95%  Confidence  Limits 


Interaction  Model 

y 

A 

A 

#L2 


90.2296 

1.6973 

86.8294 

93.6297 

0.00653 

0.000635 

0.00526 

0.0078 

0.0868 

0.00845 

0.0699 

0.1037 

0.00271 

0.000543 

0.00162 

0.00379 

Figure  3:  Assessing  Goodness  of  Fit  in  MDA  Cell  line 


100- 

90- 


Plot  for  WIN=0 


100 

ADR 


100 

ADR 


100 

ADR 


- 

100- 

100- 

100- 

: 

+■ 

90- 

80- 

70- 

£  O  °  ° 

4-  0  o  o  ° 

o  *  ° 

o  O  O  O  o 

90  J 
80  J 
70  J 

„  1° 

0  0  *  0  0  0, 

,ooooo* 

90- 

80- 

70- 

+■  ° 

o  °  %  °  0 

o  o  °  °  °  * 

60- 

0  ° 

60- 

° 

* 

60- 

- 

v  50- 

o 

v  50- 

° 

v  50- 

:  °  t  ° 

^  40- 

t  O 

^  40- 

4- 

40- 

-  *  o  ° 

30- 

i- 

30  J 

t 

30- 

o  0  +■ 

20- 

9- 

20- 

20- 

7  t  o 

10J 

10J 

10J 

:  f 

o- 

o- 

o- 

-  t 

-10J 

-10J 

-10J 

Plot  for  WIN=3.75 


Plot  for  WIN=7.5 


Plotfor  WIN=15 


100 

ADR 


Y  O  Predicted  Percent  Inhibition 


Percent  Inhibition 


20 


Key  Research  Accomplishments 

•  Established  assays  for  breast  tumor  cell  transformation  in  cell  culture 

•  Demonstrated  interaction  between  cannabinoids  and  adriamycin  in  three  breast  tumor 
cell  lines. 

•  Identified  p53  as  a  critical  factor  in  potentiation  of  the  response  to  adriamycin  in  breast 
tumor  cells  by  cannabinoids. 


Reportable  Outcomes: 

2010  International  Cannabinoid  Research  Symposium  -  Poster  Presentations  -  “Cell  line 
specific  enhancement  of  sensitivity  to  Adriamycin  by  phytocannabinoids  in  breast 
cancer” 

2010  Virginia  Academy  of  Science  -  Student  Presentations  -  “The  Full  Agonist  WIN55,  212-2 
Exerts  Growth  Inhibitory  Effects  Through  A  Cannabinoid  Receptor  Independent 
Mechanism” 

2010  Department  of  Pharmacology  and  Toxicology  -  Seminar  Series  -  “Cannabinoids  and 
Cancer:  Tumor  Development  and  Treatment” 

2009  Department  of  Pharmacology  and  Toxicology  -  Seminar  Series  -  “The 

Involvement  of  the  Endocannabinoid  System  in  the  Development  of  Breast  Cancer” 

Conclusions 

Studies  of  transformation  in  cell  culture  have  demonstrated  that  the  combination  of  estrogen 
and  benzopyrene  alters  the  phenotype  of  MCF-lOa  cells,  a  normal  breast  epithelial  cell  line,  to 
that  of  a  tumor  cell.  This  conclusion  is  based  on  induction  of  anchorage  independent  growth, 
loss  of  acini  structure  formation  in  3D  cultures,  and  the  ability  to  proliferate  in  the  absence  of 
exogenous  growth  factors  normally  required  for  MCF-lOa  growth. 

Studies  to  evaluate  the  interactions  of  cannabinoids  with  conventional  chemotherapy  in  breast 
tumor  cell  lines  are  consistent  with  a  mixture  of  additive  and  synergistic  effects  in  the  three  cell 
lines  (MCF-7,  MDA-MB-231,  and  4T1)  and  three  cannabinoid  combinations  (THC,  CBD,  and 
Win55)  in  combination  with  Adriamycin. 

Our  studies  also  strongly  suggest  that  the  interactions  are  most  pronounced  in  breast  tumor 
cells  lacking  functional  p53. 

The  in  vivo  model  of  4T1-luc  cells  can  be  monitored  in  real  time  in  an  immunocompetent  mouse 
to  evaluate  the  interaction  of  cannabinoids  +  chemotherapy. 
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